All 16 species of bats known to occur in western Colorado are found at Mesa Verde National Park (MVNP) in the southwestern United States. Since 1996, wildfires have burned more than 70% of MVNP (.15,000 ha), potentially altering food and roosting resources for bats. During the summers of 2006-2007, we investigated roost use by reproductive female western long-eared myotis (Myotis evotis). We located 33 bat roosts in rock crevices and 1 in a juniper snag. All but 2 of the roosts were in unburned habitat. Bats roosted alone or in small groups ( 3 individuals) and switched roosts frequently (1-7 roosts per bat, median ¼ 1.5 roosts per bat, SE ¼ 0.5 roosts per bat). We compared occupied roosts with randomly selected unoccupied crevices and used an information theoretic approach to determine which variables were most important in determining roost use at microhabitat and landscape scales. At the microhabitat scale, maternity roosts were higher above the ground and deeper than random, unoccupied rock crevices. At the landscape scale, roosts were closer to water and farther from burned habitat than random crevices, providing reproductive female M. evotis with the best opportunities to drink and forage for insects. Tree roosts are apparently not a vital resource for reproductive female M. evotis during the summer months at our study site, presumably because of the extensive availability of rock crevices. Understanding site-specific roosting behavior is important for proper management of bat populations because differences can exist between geographic regions, even among areas with similar plant communities.
Piñon-juniper woodlands are one of the most predominant forest types in western North America, covering more than 30 million hectares between the borders of Canada and Mexico (Miller and Tausch 2001) . This forest type plays an important role as a transition zone between habitats and contains species of bats found in both higher, mesic elevations and lower, xeric elevations (Jones 1965; Chung-MacCoubrey 2005) ; however, few studies have focused on bats in piñon-juniper woodlands compared to mixed-coniferous and other coniferous forest types (but see Rabe 1999) , and even fewer have focused on maternity roost characteristics. Research by Chung-MacCoubrey (1996 , 2003a , 2003b , 2005 in west-central New Mexico provides the most insight into the roosting ecology of bats in piñon-juniper woodlands, where these woodlands were important sites for reproductive females of several species, and bats roosted in a variety of structures, including snags, live trees, downed logs, and rocks.
The presence of old-growth piñon-juniper woodlands (most often Colorado piñon pine [Pinus edulis]-Utah juniper [Juniperus osteosperma], with some Rocky Mountain juniper [Juniperus scopulorum]) contributes to the high degree of landscape heterogeneity at Mesa Verde National Park (MVNP). The landscape also has an abundance of rock crevices and cavities in cliffs, boulders, and talus slopeshabitats known to be important to bats in other regions (Vaughan and O'Shea 1976; Vonhof and Barclay 1996; Rabe et al. 1998; Waldien et al. 2000; Solick and Barclay 2006) . More than 70% of MVNP (.15,000 ha) has been burned by wildfire since 1996 (MVNP Web site, http://www.nps.gov/ archive/meve/fire/firehistory.htm, accessed on 10 March 2009). These recent stand-replacing fires have potentially altered the w w w . m a m m a l o g y . o r g 640 availability of bat roost sites by destroying many Douglas-fir (Pseudotsuga menziesii) and ponderosa pine (Pinus ponderosa) forests at MVNP. However, the complex structure of remaining piñon-juniper forest stands, and presence of other potential roost structures (e.g., rock crevices), likely provide adequate roosting opportunities for bats.
The more opportunistic a bat species is in its roosting habits, the more likely it will successfully exploit different types of structures available across a landscape (Cryan et al. 2001; Arnett 2007 ). The western long-eared myotis (Myotis evotis) uses a variety of roosts including live and dead trees (Rabe et al. 1998; Waldien et al. 2000; Chung-MacCoubrey 2003a; Arnett and Hayes 2009) , rock crevices (Chruszcz and Barclay 2002; Rancourt et al. 2005; Solick and Barclay 2006) , tree stumps in forests (Waldien et al. 2000; Arnett 2007 ), clear-cuts (Vonhof and Barclay 1997) , and buildings (Manning and Jones 1989) . The plasticity of roosting behavior in M. evotis, its documented use of both piñon-juniper woodlands and rock crevices, and its status as the most frequently captured bat during a previous study at MVNP (Chung-MacCoubrey and Bogan 2003) make it an ideal species for understanding roostsite selection in a complex and diverse landscape.
We examined the roosting ecology of M. evotis at MVNP because of the park's unique combination of rare old-growth piñon-juniper woodlands, extensive rock outcroppings, overall landscape heterogeneity, and recent history of large-scale fire disturbance. Our overall goal was to characterize the types of day roosts selected by reproductive female M. evotis across a landscape with a diversity of potential roosting structures. Our specific objectives were to determine the types of roosts (e.g., trees or rock crevices) used by M. evotis, to examine roost selection and describe the characteristics of occupied roosts at microhabitat and landscape scales, and to compare and contrast our findings with previous studies of roost use by this species in piñon-juniper woodlands and other habitats.
MATERIALS AND METHODS
Study area.-Mesa Verde National Park is located in Montezuma County, southwestern Colorado (37815 0 N, 108827 0 W). The park encompasses 21,073 ha on the Colorado Plateau and ranges in elevation from 1,500 to 2,615 m. Situated in the semiarid Upper Sonoran Life Zone (Zarn 1977) , MVNP receives little annual precipitation (X ¼ 46.3 cm), with one-half as snow and most of the remainder as rain from frequent July and August thunderstorms (MVNP Web site, http://www.nps.gov/meve/park_info/weather_info. htm, accessed on 10 March 2009).
The MVNP landscape consists of forested mesa tops dissected by steep, rugged canyons with many cliffs and rock outcrops. Plant communities include a mix of Colorado piñon pine, Utah juniper, and Rocky Mountain juniper woodlands, which are predominately found at elevations between 1,500 and 2,450 m. Gambel oak (Quercus gambelii) and small patches of ponderosa pine and Douglas-fir occur at elevations above 2,450 m. Shrub species occur below 1,500 m, and include big sagebrush (Artemisia tridentata) and rabbitbrush (Chrysothamnus nauseosus- Floyd and Colyer 2003; Floyd et al. 2003a) . Recently burned sites are typically characterized by standing dead trees, and herbaceous ground cover dominated by nonnative species (e.g., Carduus nutans and Bromus tectorum-Snider 2009).
The piñon-juniper woodlands of MVNP are approximately 450 years old, with some 600-year-old junipers remaining in certain forest stands (Floyd et al. 2003a ). These forests are uniquely old, and the topography of the Mesa Verde landmass contributes to the unique qualities of the park's forest structure and fire history. The prominent south-sloping cuesta (a mesa with a defined slope from one end to the other) on which MVNP sits receives more rain and sun than the surrounding area because of its higher elevation and southern exposure. This may provide a longer growing season than drier, less sunny landscapes, allowing MVNP's woodlands to grow more rapidly than surrounding forests (Floyd et al. 2003b ). The steep cliffs to the south and west of the cuesta provide a natural firebreak, which may result in longer fire rotation cycles at MVNP compared to other nearby forests (Floyd et al. 2003b ). Threats to these unique, ancient forests include additional stand-replacing wildfire (Romme et al. 2003) , insect pests (Breshears et al. 2005) , invasive plants (Romme et al. 2003; Floyd et al. 2006) , climate change (Romme et al. 2003) , and management actions such as mechanical thinning and prescribed fire.
Bat capture, handling, and marking.-During May through August 2006-2007, we followed standard protocols (Kunz and Kurta 1988) and captured bats in mist nets positioned over open water sources, which are important for bats in arid regions (Szewczak et al. 1998) . We identified the sex, age (Anthony 1988) , and reproductive status (Racey 1988) , and measured mass and forearm length of each bat captured. During June and July of each year, we fitted a haphazard sample of reproductive female M. evotis with radiotransmitters (0.32 g; Blackburn Transmitters, Nacogdoches, Texas; or LB-2N, 0.35 g; Holohil Systems Ltd., Woodlawn, Ontario, Canada [Barclay and Bell 1988] ) weighing up to approximately 5% of the bats' body mass (range 3.8-5.6%, 4 individuals in good body condition were fitted with transmitters greater than 5% of their body masses [Aldridge and Brigham 1988; Neubaum et al. 2005] ). Transmitters were attached to the dorsal skin between the scapulae after trimming a small patch of fur and applying surgical adhesive (Skin-Bond; Smith & Nephew, Largo, Florida); bats were held for 30 min to allow the adhesive to cure before release. All capture, handling, and marking techniques followed guidelines of the American Society of Mammalogists (Sikes et al. 2011) and were approved by Colorado State University's Animal Care and Use Committee (protocol 06-034A-01).
Roost-site documentation.-Bats were tracked to their daytime roosts using standard radiotracking procedures (Wilkinson and Bradbury 1988) . We initially detected signals using a vehicle-mounted, 5-element yagi antenna and handheld telemetry receiver (model R-1000; Communication Specialists, Inc., Orange, California), and then found the exact locations of roosts on foot using a portable 3-element yagi antenna. During 2007, a tracking aircraft was used on 2 occasions for the initial detection of radiosignals. As logistics permitted, we tracked each bat to its roost daily until the transmitter failed or was recovered-approximately 7-10 days. We attempted to gain visual confirmation of bats in their roosts, marked each roost with temporary flagging, and recorded its location using a global positioning system. To minimize disturbance to roosting bats, additional measurements were taken after the roost was no longer occupied.
Microhabitat measurements.-All bats roosted in rock crevices, except for 1 individual that roosted in a tree on a single day. That tree roost was not included in the analysis. Measurements of rock crevices used by bats included height, width, depth, height to the ground above and ground below the emergence point, distance to nearest obstruction, and aspect of the emergence point (Rancourt et al. 2005; Neubaum et al. 2006 ). Similar to Neubaum et al. (2006) , we found a strong correlation between crevice height and width (n ¼ 61, r 2 ¼ 0.79) and thus used crevice area, and instead of categorical variables to account for aspect, we used sine aspect and cosine aspect (Neubaum et al. 2006) . Microhabitat characteristics for rock crevices used as roosts were examined within a circular plot along the plane of the roosting surface within a 2.5-m radius from the crevice. Each 2.5-m-radius plot around the rock crevice was broken into quadrants by orienting the axis upslope and downslope along the plot's aspect. We selected this plot size because it was feasible to sample across the steep, cliffy landscape and adequately characterized the ground cover and plant species present in the area immediately surrounding a roost. We measured layered total cover (total could exceed 100%) in the plot. To characterize the rock crevices available in the immediate area, we adapted the point-centered quarter method commonly used for trees (Cottam and Curtis 1956 ) to rock crevices. In each plot quadrant, we measured distance to the nearest crevice to generate an estimate of the density of rock crevices per 100 m 2 . We used a retrospective, case-control study design and selected and measured a random, unoccupied rock crevice for each occupied rock-crevice roost. The random rock crevice was selected by locating the nearest potential rock crevice at a point 20 m along a random compass bearing from the occupied roost. This short distance was chosen because the steep, rocky cliffs of MVNP made it impractical, and often unsafe, to travel more than 20 m from many roost locations. To meet the assumptions of a case-control study (Keating and Cherry 2004) , random crevices were checked for indications of bat usage (guano, oil, or fur). None showed evidence of previous occupancy. The minimum size of random crevices was at least as large as a space that can be entered by the similar-sized little brown myotis (Myotis lucifugus; 2.2 3 1.6 cm -Greenhall 1982) .
Landscape measurements.-A geographic information system (ESRI 2006) and data layers (e.g., perennial water sources and burned areas) from MVNP geographic information system specialists were used to derive landscape-scale measurements. We created a geographic information system layer using coordinates of roost locations collected in the field with a global positioning system (Universal Transverse Mercator projection, NAD83 datum) and measured the distance from each roost to the site where the bat was captured and tagged. We used the average distance (2.0 km) plus 1 standard deviation (1.89 km) from roost to capture site as the radius (3.89 km) to create a buffer around all roosts. Within the buffer, we generated 33 random points, 1 for each occupied roost location, on the landscape to compare characteristics of roosts and random points (Beyer 2004) .
We calculated the distance from roosts and random points to the nearest perennial water source, and to the nearest burned forest. We calculated elevation, slope angle, aspect of the hillside, and shade level (using the mean shade value during reproductive months of M. evotis) for roosts and random points. We created sine and cosine aspect radians for analysis as continuous variables.
Data analysis and model development.-All statistical analyses were conducted with SAS software (SAS Institute Inc. 2003). We pooled data from 2006 and 2007 to compare occupied maternity roosts of M. evotis with unoccupied, randomly selected crevices. Microhabitat-and landscape-scale characteristics were summarized for the 2 site types. The data set contained multiple and differing numbers of observations for each bat, so a repeated-measures analysis to account for multiple observations per bat (lack of independence) was appropriate. However, sample sizes were too small and the general linear models examined would not converge. We thus tested for dependence using a 1-way analysis of variance (PROC GLM) for each predictor variable (e.g., depth of crevice, aspect of the emergence point, etc.) as a function of each individual bat (K. Burnham, Colorado State University, pers. comm). If dependence was detected, we completed 2 further analyses, 1 with all roosts, and another using only the 1st roost located for each bat.
We used logistic regression (PROC GENMOD) to model roost selection at microhabitat and landscape scales. The response variable was site type (occupied roost versus random, unoccupied crevice). Independent variables were the physical site characteristics measured at the microhabitat and landscape scales. On 5 occasions, topography prohibited collection of some measurements at roosts, leading to a subset (n ¼ 28) of occupied roosts and unoccupied crevices with sufficient data for inclusion in the microhabitat models. At the landscape scale, all occupied and unoccupied, random crevices (n ¼ 33 each) were included.
We used 8 variables at the microhabitat scale and 7 variables at the landscape scale in the analyses (Table 1) . We first selected variables based on previous roosting ecology studies of reproductive female bats (Lacki and Baker 2003) and refined the selected variables based on observations in the field. For example, in addition to measuring the distance to the nearest obstruction to the roost entrance, we also collected data on the type of obstruction present (e.g., rock or shrub). We later surmised that only the presence of and proximity to the obstruction, and not the exact obstruction type, would be important to emerging bats and did not include the latter variable in the analysis. Prior to analysis, we checked for correlation (PROC CORR) among variables and eliminated or created a new variable from those that were highly correlated.
The lack of similar previous research made it unrealistic to develop meaningful a priori models. We thus focused on which variables, rather than models, were most ''important'' in the selection of roosts by western long-eared myotis. For each logistic regression analysis, we used an information theoretic approach to rank models with Akaike's information criterion corrected for small sample size (AIC c ). Differences in AIC c scores between the ith and top-ranked model (D i ), and Akaike weights (w i s- Burnham and Anderson 2002) were then computed based on the ranks. Models that included all possible variable combinations (Burnham and Anderson 2002) were run for each logistic regression analysis, which is necessary to calculate the relative importance of each predictor variable (Burnham and Anderson 2002) . We calculated the unconditional parameter estimate (b) and standard error by averaging across all models and the relative importance (w þ ) of each variable by dividing the sum of the Akaike weights by the number of models in which that variable was present.
RESULTS
From June to July 2006-2007, we radiotagged 27 female western long-eared myotis that were pregnant (n ¼ 4), lactating (n ¼ 20), or postlactating (n ¼ 3). We tracked 15 bats to 34 roosts; 12 bats were never located. Bats moved an average of 2.0 km (SE ¼ 0.32 km) from capture to roost sites. All bats roosted alone or in small groups ( 3 individuals) and switched roosts frequently (1-7 roosts per bat, median ¼ 1.5 roosts per bat, SE ¼ 0.5 roosts per bat). The average distance between successive roosts for individuals that used more than 1 roost was 424 m (range 31-1,427 m, SE ¼ 134 m). Thirty-three roosts were in rock crevices; the remaining roost was in a juniper snag. We were unable to pinpoint other roosts used by the bat that roosted in the tree for 1 day, but on 2 other days her transmitter signal indicated she was roosting among rocks in a boulder field. Average crevice density surrounding occupied roosts and random, unoccupied rock crevices was 26.4 crevices/100 m 2 (SE ¼ 3.18 crevices/100 m 2 , n ¼ 256 total crevices based on 125 measurements around occupied crevices and 131 around random crevices). All but 2 of the roosts were in unburned habitat.
Microhabitat characteristics.-At the microhabitat scale, no dependence (Table 1 ) due to individual bat was detected at associated occupied roost sites for the 8 variables; we therefore used all observations (n ¼ 28) for our analyses. The variables that showed the greatest difference (95% confidence intervals [95% CIs] did not overlap) between occupied maternity roosts and unoccupied rock crevices were height to ground below (GRNDB) and depth of crevice (DEPTH; Table 1 ). On average, maternity roost crevices were 117.9 cm higher above the ground and 24.1 cm deeper than random crevices. Total plant cover (COVER) and distance to nearest obstruction (DOBST) showed only slight overlaps in their 95% CIs, with maternity roosts having about 15% less cover and being about 80 cm farther from the nearest obstruction than random crevices.
Height to ground below (b ¼ 0.015, SE ¼ 3.260 3 10 À5 ) and depth of crevice (b ¼ 0.043, SE ¼ 0.001) had the greatest relative importance values (w þ ¼ 0.99 and 0.95, respectively; Table 2 ). Of the 256 models, these variables were in the top 73 and 42 models, respectively (Table 3 ). The importance value for total plant cover was just over 0.5, suggesting limited importance (b ¼ À0.020, SE ¼ 0.001). Other variables were below 0.5, indicating low relative importance. Landscape characteristics.-Two variables at the landscape scale, distance to nearest perennial water source (DWATER, P , 0.001) and distance to nearest burned habitat (DBURN, P ¼ 0.0425; Table 1), showed some dependency due to individual bats. We therefore generated summary statistics and models using all predictor variables for 2 scenarios: all observations (n ¼ 33 occupied roosts and random, unoccupied rock crevices), and a reduced data set of the 1st roost location only for each bat (n ¼ 14 occupied roosts and random, unoccupied rock crevices). Results of these analyses were very similar, so we report on the entire data set below.
At the landscape scale, the variables showing the greatest difference (95% CIs did not overlap) between occupied maternity roosts and unoccupied rock crevices were distance to nearest perennial water source (DWATER) and distance to nearest burned habitat (DBURN; Table 1 ). On average, occupied roost crevices were 1,251 m closer to water and 345 m farther from burned habitat than random crevices.
Distance to nearest water source (b ¼ À0.001, SE ¼ 2.12 3 10 À7 ) and distance to nearest burn (b ¼ 0.002, SE ¼ 1.78 3 10 À6 ) had the highest relative importance values (w þ ¼ 0.99 and 0.84, respectively; Table 2 ). Of the 128 models, these variables were in the top 64 and 14 models, respectively (Table 3) . Slope angle (SLOPE) received a w þ just over 0.5 withb ¼ 0.016, SE ¼ 0.0004; however, the 95% CIs overlapped greatly, suggesting limited importance. The remaining variables had importance values below 0.5.
DISCUSSION
All species of bats known to occur in western Colorado, and 16 of the 19 species documented in the state, occur at MVNP (O'Shea et al. 2011) , suggesting the structurally heterogeneous landscape of the park provides the roosting habitat necessary to support a diverse assemblage of bats. The high density of rock crevices at MVNP, and the presence of piñon-juniper woodlands, suggested that roosts were not a limiting resource for bats at our study site. With a diversity of potential roost structures available, the reproductive female M. evotis that we followed almost exclusively selected rock crevices instead of trees. Rancourt et al. (2005) and Solick and Barclay (2006) Although Chung-MacCoubrey (2003b , 2005 demonstrated that trees in piñon-juniper woodlands provide suitable roosting sites for M. evotis, rock-crevice roosts may be preferable in this semiarid climate and forest type. The piñon-juniper forests at MVNP are older than those of the New Mexico site, with many larger trees and a more complex forest structure that would be expected to provide bats with equal or greater roosting opportunities. In addition, our study site had a far greater prevalence of exposed and heterogeneous geological features, including talus slopes, prominent rock outcrops, numerous deep canyons, and an abundance of steep, fractured cliffs. Given these factors, our results indicate that in piñon-juniper woodlands M. evotis may preferentially roost in rock crevices, with trees being used as an alternate roosting form. In western Oregon, M. evotis exhibited similar plasticity in roost selection across Douglas-fir-dominated forests (Arnett 2007) . Bats roosted primarily in snags where this roost type was plentiful, but in areas with lower densities of snags, bats also roosted in stumps and downed logs (Arnett 2007) . The ability of M. evotis to use a diversity of roost types, selecting optimal roosting structures when they are available and less optimal structures as necessary, is likely one of the reasons this species is common across its range.
Rocks have higher levels of thermal conductivity than wood (Forest Products Laboratory 1952; Robertson 1988) . In a relatively sunny, semiarid environment with many areas of low canopy cover such as our study site, rock crevices likely provide warmer, more stable microclimates for roosting bats than do trees. This advantage may not hold in more densely forested ecosystems with continuous high canopy cover such as the mixed conifer forests of the Rocky Mountains, where rock crevices are less likely to receive solar exposure for large parts of the day, thus potentially conferring fewer thermal advantages over tree roosts. In dense forests, trees may gain more thermal inertia from sun exposure during the day than do rock crevices. Therefore, we hypothesize that bats select rock crevices over trees only when rocks receive sufficient insolation to maintain consistently warmer 24-h temperatures than nearby trees. Rocks also are more permanent than tree roosts, especially in the woodlands of MVNP, where sloughing bark and falling limbs are regular processes for old-growth piñon and juniper trees (Floyd et al. 2003a) . Predation can influence roost selection (Lewis 1995) , and tree roosts may be more accessible to potential predators, whereas many of the occupied roosts in this study were in locations that would be difficult for most terrestrial predators to reach, for example, vertical cracks on cliff faces.
Roost permanency is thought to be closely related to roost fidelity (Lewis 1995) , and this may further explain the preference for and fidelity to rocks over trees exhibited by reproductive female M. evotis at MVNP. They did not show fidelity, however, to individual roosts and rarely reused the same roosts. The western long-eared myotis is known to switch roosts frequently across its range (Waldien et al. 2000; Rancourt et al. 2005; Nixon et al. 2009 ). This behavior, combined with the nearly unlimited roost availability at MVNP most likely promotes roost lability (Lewis 1995) . The frequent roost-switching behavior among roosts in rock crevices may allow bats to satisfy needs related to microclimate and parasite loads (Lewis 1995) . Many species of bats (Lewis 1996; Valdez 2006; Pearce and O'Shea 2007) , including M. evotis and 12 other species at MVNP (Ritzi et al. 2002; O'Shea et al. 2007 ; E. Valdez, United States Geological Survey, pers. comm.) , are known hosts of ectoparasites, which can have a marked effect on the health of bats through mechanisms as simple as causing an increase in grooming rates (Giorgi et al. 2001) . Ectoparasites are hypothesized to play an important role in roost lability, because switching roosts could disrupt the life cycle of ectoparasite development, thereby decreasing exposure to bats (Lewis 1995) .
At the microhabitat scale, we found the greatest relative importance in the same 2 roost characteristics as demonstrated for autumn use of rock crevices by big brown bats (Eptesicus fuscus) in north-central Colorado by Neubaum et al. (2006) . They hypothesized that big brown bats selected crevices at a greater height above the ground for ease of attaining flight when leaving the roost entrance, increased protection from predators, and increased visibility of potential crevices while in flight. Western long-eared myotis are one-fourth to one-half the mass of big brown bats and can easily take flight from the ground, suggesting the flight-drop hypothesis is less likely for adult M. evotis; however, juveniles leaving the roost on their first flying bouts may benefit from a greater distance to the ground (Neubaum et al. 2007) , as might females in the later stages of pregnancy. Higher roosts also may protect bats from several potential predators found across the study area, including snakes (suborder Serpentes), ringtails (Bassariscus astutus), bobcats (Lynx rufus), and foxes (Urocyon cinereoargenteus). Furthermore, investigating potential roosts at the height of travel may demand less energy expenditure than deviating from a linear flight path to explore roosts at various locations along a cliff face (Vonhof and Barclay 1996) . Bats roosted in crevices that were deeper than unoccupied crevices. Deeper crevices may allow bats to behaviorally select favorable microclimates (Vaughan and O'Shea 1976; Hamilton and Barclay 1994; Chruszcz and Barclay 2002) . During the day, a heat gradient can develop in rock crevices with the warmest area being near the entrance and the coolest area being in the back. At night, the entrance will lose heat more rapidly than the back portion of the crevice, so pups may move to the back of the crevice to maintain body temperature while the adult is away foraging (Chruszcz and Barclay 2002) . This heat gradient is likely very pronounced in the sunny, semiarid climate of our study area. Neubaum et al. (2006) found that the average temperature inside the rock crevice was of some importance, but was less important than height to ground below and depth of crevice. These results, however, may not apply to our study because Neubaum et al. (2006) studied a different species selecting crevices prior to hibernation, not during the parturition and nursing periods. Roosts selected for hibernation would be expected to provide optimal conditions for bats to enter long bouts of torpor, such as stable temperature (Neubaum et al. 2006) ; whereas during parturition and nursing roosts should provide periods with warmer temperatures for milk production, and growth and development of young (Solick and Barclay 2006) . Future studies of roost selection in M. evotis should attempt to include temperature and solar exposure analysis of roosts in conjunction with a close examination of the study area's climate, because such information may provide a more complete characterization of roost selection (Boyles 2007) .
At the landscape scale, distance to nearest perennial water source and distance to nearest burned habitat were the variables of greatest relative importance, with occupied roosts being closer to water and farther from burned habitat than random points. This pattern is especially interesting because all but 1 of the water-source capture sites were located within, and immediately surrounded by, burned habitat. Thus, bats had to fly over burned areas between their roosts and water sources. If being close to water is the most important landscape-scale consideration for reproductive females, they would be expected to roost in burned habitat more often than was observed. Although we did not quantify the availability of rock roosts in burned compared to unburned habitat, we observed no obvious difference in abundance of rock crevices similar to those used as roosts by M. evotis in unburned habitat. Thus, an absence of suitable roosting structures seems implausible as an explanation for the lack of occupied roosts in burned habitat. Because of the lack of similar research in quantifying relationships between maternity roosts and covariates, we focused on identifying variables that were ''important'' in determining maternity roost-site selection by M. evotis. Thus, our results can be viewed more as hypotheses for further examination.
Little is known about the degree to which bats use burned forests (Fisher and Wilkinson 2005) . Acoustic surveys in South Carolina determined that higher bat activity was attributed to ease of travel through uncluttered habitat created by thinning, burning, or both (Loeb and Waldrop 2008) ; however, the combination of fire and silvicultural treatments in that study limited the inferences that could be drawn. Fire has been demonstrated to benefit many bird species through snag creation (Hutto 1995 (Hutto , 2006 Saab et al. 2004; Smucker et al. 2005; Kotliar et al. 2007) , and similarly tree-roosting bats frequently roosted in live trees and snags in forests that experienced mixed burn severity in western Montana (Schwab 2006) and prescribed burns in Missouri (Boyles and Aubrey 2006) .
Recently burned forest may be a harsher environment for reproductive female bats because of lower relative humidity and more variable and extreme ambient temperatures than in unburned forest (Ahlgren 1974; Bendell 1974; Phillips 1974 ). In addition, bats are particularly susceptible to evaporative water loss and exhibit increased evaporative water loss in environments with low relative humidity and high ambient temperatures (Studier 1970; Studier and O'Farrell 1976) . Thus, the burned habitat that experienced stand-replacing wildfire at MVNP may not be as suitable for roosting bats, whereas the unburned forest and vegetation cover surrounding most occupied bat roosts in our study likely helps moderate humidity and temperature. Further, lactating females (93% of the bats in this study) drink more frequently from available water sources than do nonreproductive females (Adams and Hayes 2008) , and are likely more sensitive than nonreproductive females and males to dehydration.
A reproductive female bat can consume up to half of her body mass in insect prey each night, so abundant insects are vital to successful reproduction (Anthony and Kunz 1977) . In Montana, Schwab (2006) documented higher insect abundance and richness in burned than unburned forest sites, suggesting greater feeding opportunities for insectivorous bats at burned sites. In an associated study, we sampled nocturnal insects at paired burned and unburned sites (4-5 years postfire) at MVNP during summers 2006-2007 and compared samples with prey found in bat fecal pellets (Snider 2009 ). More than twice as many insects were sampled in unburned (44,240) than in burned (20,385) sites both years (Snider 2009 ), suggesting greater prey availability near bat roosts in unburned habitat. M. evotis could take advantage of this heightened insect availability because they are known to forage in a variety of habitats, including along paths and in forests (Barclay 1991) . They have been called ''passive prey specialists'' (Faure and Barclay 1992) and do not forage above water as much as other species (e.g., M. lucifugus-Barclay 1991), which may reflect an adaptation for gleaning (Faure et al. 1990; Barclay 1991) and aerial hawking (Ingles 1949) , as well as make them more likely to forage in the forests immediately surrounding their roosts.
Roosts of M. evotis tend to be closer to water than random sites (Chung-MacCoubrey and DeLay 2000; Schwab 2006; Arnett 2007) , and in western Oregon, activity centers of this species were 3 times more likely to be located near a water source than random sites (Waldien and Hayes 2001) . At our study site, all but 1 of the known water sources examined were in burned habitat. Roosts located nearest to water (n ¼ 4 roosts used by 3 bats, mean distance to perennial water source ¼ 249 m, range 172-374 m) were clustered around the single water source in unburned habitat. If bats had roosted this close to any of the other water sources, they would have been in burned habitat. Although bats rarely roosted in burned habitat, their roosts were often located relatively close to burns (X ¼ 532 m, SE ¼ 48 m), perhaps because this put them in close proximity to water sources in the burned habitat. At the landscape scale, roosting in unburned forest where insects are abundant, but close to water sources in burned habitat, likely provides reproductive female M. evotis with the most efficient opportunities to both forage and drink.
Our findings indicate that trees are not a vital roosting resource for reproductive female M. evotis during the summer months in the xeric canyon country of the Colorado Plateau where we conducted our study, presumably because of the extensive availability of rock roosts. Nevertheless, the park's remaining piñon-juniper woodlands and other types of forested habitat across the species' range should be valued for their plant and insect biodiversity, potential to moderate temperature and humidity of roosts in rock crevices, and ability to provide a food source for bats and other insectivores. This study highlights the importance of understanding site-specific roosting behavior in bats because differences can exist between geographic regions, even among areas with similar plant communities, and knowledge of these roosting parameters will be essential in successfully managing bat populations ( LITERATURE CITED
